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ABSTRACT
Objectives: The purpose of this prospective cohort study was to assess the associations between lower 
limb injuries in female team-sport athletes and a number of factors. The potential risk factors explored 
included (1) lower limb strength, (2) history of life-event stress, (3) family history of ACL injuries, (4) 
menstrual history, and (5) history of oral contraception use.
Methods: One hundred and thirty-five female athletes aged between 14 and 31 years (mean: 18.8 ± 3.6  
years) from rugby union (n = 47), soccer (n = 72), and netball (n = 16) volunteered to participate in this 
study. Demographics, history of life-event stress, injury history and baseline data were obtained prior to 
the competitive season. The following strength measures were collected: isometric hip adductor and 
abductor strength, eccentric knee flexor strength and single leg jumping kinetics. Athletes were then 
followed for 12 months, and all lower limb injuries sustained were recorded.
Results: One hundred and nine athletes provided one-year follow-up injury data, of whom, 44 suffered at 
least one lower limb injury. All athletes who reported high scores for negative life-event stress sustained 
lower limb injuries. Non-contact lower limb injury was positively associated with weak hip adductor 
strength (OR: 0.88; 95%CI: 0.78–0.98; p = 0.017), and between-limb adductor (OR: 5.65; 95%CI: 1.61–19.7.; 
p = 0.007) and abductor (OR: 1.95; 95%CI: 1.03–3.71; p = 0.039) strength asymmetries.
Conclusion: History of life event stress, hip adductor strength, and between-limb adductor and abductor 
strength asymmetries offer potential novel avenues for investigating injury risk factors in female athletes.
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Introduction

Epidemiological studies have highlighted differences in injuries 
and pathologies between men’s and women’s team sports 
(Iwamoto et al. 2008; Ristolainen et al. 2009; Larruskain et al.  
2018; Ruddick et al. 2019). Specifically, females have more acute 
ligament injuries (44% vs 33%), while males have more muscle 
injuries (44% vs 31%) (Ristolainen et al. 2009). Studies have 
reported greater ACL injuries (20.1% Vs 9.4%) (Iwamoto et al.  
2008), and bone stress injuries (64% Vs 36%) in female and male 
athletes, respectively (Ruddick et al. 2019). A recent study by 
Chan et al. (2020) reported the epidemiology of Achilles tendon 
injuries at the collegiate level across 16 sports and found that 
female athletes had greater amount of time lost to injury, 
higher rates of season-ending injuries, higher operative rates, 
poorer postoperative performance, and a recurrence rate 
almost twice as high compared to male athletes (Chan et al.  
2020). Sex differences in injury rates do not differentiate 
between competitive levels (Hosea et al. 2000).

Despite the awareness of elevated risk for female athletes, 
characteristics associated with injury are not fully understood 
and a range of potential risk factors have been suggested 
without confirming causality (Möller-Nielsen and Hammar  
1989; Ireland et al. 2003; Dedrick et al. 2008; Balachandar 

et al. 2017). One potential factor proposed is the level of female 
sex hormones during the pre-ovulatory phase that has been 
linked to increased ACL laxity, knee valgus and tibial external 
rotation, influencing sports performance and injury occurrence 
(Balachandar et al. 2017). Furthermore, across menstrual cycle 
phases, female athletes have been reported to utilize different 
co-contractive behaviour between muscles (gluteus maximus 
and semitendinosus) signifying a shift in neuromuscular control 
patterns (Dedrick et al. 2008). Increased interest in the effects of 
female hormones on muscle strength and how to combat these 
effects have emerged over the years because of these findings.

Muscle strength has also been investigated as a potential 
factor since it is required to effectively stabilize joints and 
protect them from movement patterns associated with lower 
limb injuries and pathologies (Baumhauer et al. 1995; 
Augustsson and Ageberg 2017). In male athletes, the relation
ship between lower limb force production and injuries has 
received a great deal of attention. For example, previous stu
dies have identified weak hip adductor strength and hamstring 
strength as risk factors for hip adductor and hamstring muscle 
strain injuries in male professional and amateur athletes (Tyler 
et al. 2001; Engebretsen et al. 2010; Bourne et al. 2015). Yet, 
compared to their male counterparts, the influence of strength 
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in lower limb injuries in female athletes remains relatively 
unexplored. Given that the hip adductors, hip abductors, and 
knee flexors play an important role in the execution of high- 
speed movement patterns during sporting activity when inju
ries occur, it is feasible that reduced unilateral strength drives 
increased strength asymmetry. Strength asymmetries may 
result in altered movement patterns, leading to 
a predisposition of lower limb injuries such as ACL, hamstring, 
patellofemoral pain, and groin injuries (Tyler et al. 2001; Ireland 
et al. 2003; Bourne et al. 2015; Khayambashi et al. 2016).

The primary focus for female athletes has been on physiologi
cal and biomechanical parameters, yet other avenues, such as 
psychological characteristics, have not been sufficiently explored. 
Psychological factors may impact athletes’ performance and injury 
risk (Slimani et al. 2018) and it has been established that stressors 
are related to athletes’ performance. However, the role of an 
individual’s history of stressors (i.e., major life events, chronic 
daily problems, and previous injuries) on the stress response and 
injury risk has been explored less. In models that examine the 
relationship between stress and injury, the framework proposed 
by Williams and Andersen (1988, 1998) has garnered the most 
attention. Within this framework, major life events, a component 
of an athlete’s wider history of stressors, has most consistently 
been associated with injury occurrence (Williams and Andersen  
2007). Early research in this area did not differentiate between the 
type of stress experienced by participants, that is, whether the 
source of stress was perceived as positive or negative. However, 
Sarason et al. (1978) suggested that the effects of life events might 
be perceived differently, depending upon whether the event was 
perceived as being positive or negative. Subsequent research that 
has differentiated between positive and negative sources of life 
stress has identified that life events with a negative valence were 
most frequently associated with injury occurrence (Williams and 
Andersen 2007; Ivarsson and Johnson 2010; Ivarsson et al. 2017). In 
addition, positive life event stress has also been shown to be 
associated with injury occurrence (Petrie 1993).

Exploring novel avenues of investigation to identify 
potential risk factors for female athletes is an important 
step in the process that leads to future work that informs 
practice. The purpose of this prospective cohort study was to 
explore the associations between lower limb injuries in 
female athletes and several factors. These included (1) 
lower limb strength, (2) history of life-event stress, (3) family 
history of ACL injuries, (4) menstrual history, and (5) history 
of oral contraception use.

Methods

Participants

One hundred and thirty-five female athletes aged between 14 
and 31 years (mean: 18.8 ± 3.6 years) with no significant lower 
limb injury 6 months prior to data collection, volunteered to 
participate in this study. All participants were engaged in team 
sports, including rugby union (n = 47), soccer (n = 72), and net
ball (n = 16) at Academy, University, or National level. Academy 
level refers to those athletes who attend school and train and 
compete in their sports while completing their studies.

Procedure

The study was approved by the University of South Wales 
research ethics committee. Data collection was conducted at 
the training venue of the teams/squads at the start of the pre- 
season. Prior to testing, the relevant consent to participate was 
obtained, and two bespoke questionnaires were administered: 
(1) the injury and menstrual history questionnaire and (2) 
a modified Life Events Survey for Collegiate Athletes (LESCA) 
questionnaire (Petrie 1992). For the players under the age of 18 
years written parental informed consent and child assent were 
obtained. Anthropometric characteristics were obtained (sta
ture and body mass), and an injury risk screening test battery 
was conducted (including isometric hip adduction and abduc
tion, Nordic hamstring exercise (NHE), and single-leg jump 
kinetics).

Participants were followed prospectively for 12 months 
(Figure 1). The teams’ physiotherapists were responsible for 
the collection and recording of injury data. Injury definitions 
were based on consensus statement’s recommendations (Fuller 
et al. 2006, 2007). All injury data were entered in the institution 
athletes’ injury management database by the team phy
siotherapist at the time of injury (injury mechanism, location, 
diagnosis). Clinical notes made by the physiotherapists at the 
time of injury were also available from two institutions to better 
confirm injury details.

Measures

Data collection
The injury and menstrual history questionnaires were used to 
record participant and sport characteristics, family ACL history, 
injury history in the last 12 months, and menstrual and oral 
contraception history.

History of life-event stress
A modified version of the Life Events Survey for Collegiate 
Athletes (LESCA) was used to measure the athletes’ history of 
life event stress in the previous 12 months (Petrie 1992, 1993). 
The LESCA is the most widely used measure of life event stress 
for athletes. For this study, minor changes were made to the 
wording of items to make them more relevant to the partici
pants. The LESCA was only completed by participants over the 
age of 18 years (n = 60; rugby = 22; netball = 5; soccer = 33), as it 
includes items unsuitable for children. The measure comprises 
69 items that reflect possible life events that participants may 
have experienced in the previous 12 months. For each event, 
the participant was asked to rate the perceived impact of each 
life event they had experienced using an 8-point Likert scale, 
which ranged from −4 (extremely negative) to + 4 (extremely 
positive). Example items include ‘’serious injury or illness to 
close friend’’, ‘’major change in the frequency (increased or 
decreased) of social activities due to participation in sport’’ 
and ‘’major change in the length and/or conditions of prac
tice/training (better or worse)’’. Negative and positive scores 
were summed to calculate negative and positive life event 
scores. The total life event score was not used in the present 
study. The LESCA is reliable and valid. Construction and criter
ion-related validity has been previously demonstrated by 
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correlations between the negative (r = 0.55; p < 0.001) and posi
tive life-stress scores (r = 0.22; p < 0.05) and the SARRS (Petrie  
1993). In addition, a 1-week test-retest correlation of the LESCA 
has been reported to range from 0.76 to 0.84 (Petrie 1992).

Muscle strength and asymmetry

Isometric hip adductor and abductor strength
Hip and groin adduction and abduction strength were assessed 
with a prototype ForceFrame Hip Strength Testing System 
(VALD Performance, Queensland, Australia). The ForceFrame 
was designed to measure hip adductor and abductor strength 
of both limbs simultaneously and asymmetries between both 
limbs (Desmyttere et al. 2019; O’Brien et al. 2019; Ryan et al.  
2019). Hip adduction (ADD) and abduction (ABD) isometric 
strength were evaluated at two positions (knee flexion = 60° 
and 90°). For the testing of isometric hip ADD and ABD strength 
at 60°, participants were required to lie beneath the 
ForceFrame in a standardised supine position, with their 
knees flexed at 60° as described by Ryan et al. (2019). For the 

ADD strength test, the femoral and tibial condyles were posi
tioned central to the force pads, while for the ABD strength test, 
the lateral femoral condyle and head of the fibula were central 
to the outer force pads (Appendix 1, Figure 1–2) (O’Brien et al.  
2019).

Participants completed a set of three bilateral maximal 
voluntary isometric hip adductor contractions for 3-5 s each. 
Then, following a short rest, the participants were repositioned, 
and one set of three bilateral maximal voluntary isometric hip 
abductor contractions for 3-5 s was performed.

On completion of the 60° position, the 90° position was 
performed with athletes’ raising their feet in the air so that 
their hips and knees were at 90° flexion, and participants 
repeated the procedure as outlined above for 60°. The highest 
force from three attempts for ADD and ABD strength tests at 
each position was used in the analysis.

Nordic hamstring exercise
The assessment of eccentric knee flexor strength was con
ducted using a NordBord (VALD Performance, Brisbane, 

Figure 1. Flowchart of the study. *2 athletes did not provide retrospective injury data.
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Australia). The guidelines for performing the test were consis
tent with those previously described (Opar et al. 2013).

Three repetitions of the NHE were performed after the two 
warm-up contractions, and the maximum scores of left and 
right limbs were used for further data analysis.

Single leg jump
Single-leg jumping was performed on a portable force 
platform (AccuPower, AMTI, Graz, Austria) sampling at 
1000 Hz. The participants were instructed to stand on one 
leg in the centre of the force plate surface in an upright 
position, with their hands placed on their hips and knee 
flexed at 90° and to jump as high as possible. For each leg, 
three jump attempts were completed. Τhe highest jump 
height attempt for each leg was saved for analysis and for 
the calculation of asymmetry index (Arboix-Alió et al.  
2020). An asymmetry between limbs of more than 10% 
has been associated with sport-related injuries to knee 
and ankle (Schiltz et al. 2009; Brumitt et al. 2013). The 
test–retest reliability (ICC = 0.88–0.97) of the single-leg 
jumping has been reported previously in patients with an 
ACL injury and patients who have undergone ACL recon
struction (Gustavsson et al. 2006).

Statistical analysis
All statistical analyses were performed using JMP 14.1 (SAS 
Institute, Inc). Descriptive statistics are presented as means 
and standard deviations. For the prospective analysis, lower 
limb injuries were divided into two groups: all and non- 
contact. All injuries included both those caused by contact 
and non-contact. Non-contact injuries were defined as those 
in which the injury sustained by the athlete did not involve 
bodily contact with another player or object on the field of play.

Fisher’s exact probability test was used to examine associa
tions between menstrual cycle regularity, family history of ACL 

injuries, use of oral contraception, and previous injury (Kim  
2017). The Haldane-Anscombe correction was used for the 
calculation of relative risk in small frequency samples when 
an event did not occur in one of the groups.

Principal Components Analysis (PCA) was undertaken for data 
reduction of the eight hip strength measures: ADD and ABD, and 
between-limb asymmetries, at 60° and 90°. PCA can be defined 
as a linear combination of optimally weighted elements that 
explains a maximal amount of variance in the data set (Andrew 
et al. 2019). Eigenvalues are yielded by PCA that reflect the 
amount of variance that is being accounted for by each compo
nent. Because the sum of the eigenvalues is equivalent to the 
number of variables in the PCA, an eigenvalue greater than 1 
accounts for more variance than any single original variable. 
Therefore, components with an eigenvalue of 1 and greater 
were retained (Guttman 1954; Kaiser 1960, 1970).

To determine the association between hip strength (repre
sented by the principal components) measures and injury, 
multivariable logistic regression analyses were conducted 
with the prospective occurrence of non-contact lower limb 
injuries. Level of significance, adjusted odds ratios (ORs), and 
95%CIs were calculated for each variable. For all analyses, alpha 
was set at p < 0.05. Univariable logistic regression analysis was 
also performed to assess the relationship between muscle 
strength, asymmetries and prospective injuries sustained dur
ing a 1-year follow-up.

Following screening of the LESCA data for outliers and 
assumption testing, there were significant issues with the 
distributions. Therefore, Ward’s two-way hierarchical cluster
ing procedure was used to classify groups based on the 
LESCA data (Ward 1963). The cluster analysis yielded three 
groups characterised by high negative and low positive 
events (group 1); low negative and moderate positive 
events (group 2); and low negative and very low positive 
events (group 3).

Figure 2. Positive events by negative events for each cluster.
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The number of clusters was determined where the slope 
of the distance graph levelled off and confirmed visually 
via co-ordinate plots of LESCA scores by group and using 
one-way analysis of variance (ANOVA), with Bonferroni 
post hoc tests to identify statistically significant differences 
between specific cluster groups. Fisher’s exact test was 
used to examine the association of history of life-event 
stress groups with one-year follow-up injuries, oral contra
ception, and menstrual cycle regularity.

Results

Descriptive statistics are presented in the study (Table 1).

Injury history

Sixty-seven (50%) of the 135 female athletes had sustained at 
least one lower limb injury in the 12 months prior to the study. 
Fifty-two (61%) of injuries were noncontact, and twenty-nine 
(34%) were contact. The knee was the most common site of 
injury (30% of all injuries) (Appendix 2, Tables A1–A2). 
Seventeen athletes reported having an ACL injury, with five of 
them sustaining an ACL injury in the past 12 months (three out of 
five were non-contact injuries). Twenty-one athletes reported 
a family ACL injury history. Athletes with a family predisposition 
to anterior cruciate ligament injury were four times more likely to 
have suffered an ACL injury (OR: 4.3; 95%CI: 1.4–13.2, p = 0.014).

Prospective lower limb injury (1 year follow-up)

Twenty-six athletes left the teams before the study was com
pleted, and therefore team physiotherapists had no record of 

their injuries. Forty-four (40%) of those remaining 109 athletes 
sustained at least one lower limb injury in the subsequent 12  
months. Twenty-eight (60%) of injuries were noncontact, while 
the remaining 19 injuries were because of contact.

Athletes who reported taking oral contraception were nega
tively associated with a subsequent lower limb injury than those 
who did not (RR = 0.51; 95%CI = 0.27–0.98; p = 0.032). No signifi
cant association was observed between previous lower limb 
injuries and menstrual cycle regularity and future injuries at 
1-year follow-up. No significant association was found between 
family predisposition and anterior cruciate ligament injury at 
1-year follow-up (RR = 2.47; 95%CI: 0.24 to 25.8; p = 0.430).

At pre-season, those who went on to sustain a lower limb 
injury presented with 3% (95% CI = 1 to 5%; p = 0.011) greater 
between-limb asymmetry in hip abductor strength at 60° and 2% 
(95% CI = 0 to 3%; p = 0.046) greater hip adductor strength at 90° 
compared to the uninjured group (Table 1 and Table 4). 
Univariate logistic regression revealed that both abductors at 
60° (OR = 3.5, 95%CI = 1.34–8.88; p = 0.010) and adductors at 
90° (OR = 3.0, 95%CI = 1.06–8.12; p = 0.038) between-limb asym
metry were associated with future lower limb injuries (Table 2).

History of life-event stress

All participants over the age of 18 years (n = 53; age = 22.1 ±  
3.6 years; stature = 166.9 ± 7.1 cm; body mass = 71.4 ± 13.8  
kg) from the 109 who were followed-up returned LESCA 
questionnaires (56 athletes were under the age of 18  
years). The median score for history of negative life events 
stress was 14 (Interquartile Range (IQR) = 18; range = 0 to 
128), and that for history of positive life-event stress was 11 
(IQR = 17.5; range = 0 to 51).

Table 1. Demographic and anthropometric characteristics of the study participants (N = 135) and comparison between uninjured and one-year follow-up lower limb 
injured athletes; N = newtons, cm = centimetres, kg = kilograms of body mass.

Participants’ characteristics

Mean (SD) 
All 

Participants 
N = 135

N 
Uninjured/ 

Injured

Uninjured participants 
characteristics 

Mean (SD)

All lower limb injured 
characteristics 

(1-year follow up) 
Mean (SD)

Mean difference 
(95%CI) P

Cohen’s 
d

Age (years) 18.8 (3.6) 65/44 19.1 (4.1) 18.6 (2.6) −0.5 (−1.8 to 0.7) 0.395 0.15
Stature (cm) 165.8 (6.5) 64/44 165.8 (6.4) 165.5 (6.3) −0.3 (−2.7 to 2.2) 0.825 0.05
Body mass (kg) 67.4 (12.3) 65/44 68.8 (11.9) 68.7 (14.3) −0.1 (−5.3 to 5.1) 0.973 0.008
Years of playing experience 8.7 (4.5) 64/44 9 (4.7) 7.9 (4.2) −1.1 (−2.8 to 0.6) 0.184 0.246
Age of first menstrual period (years) 12.9 (1.5) 60/42 13.1 (1.4) 12.5 (1.6) −0.5 (−1.1 to 0.06) 0.079 0.352
Jump height (cm)-two limb average 9.8 (2.6) 58/38 9.1 (2.1) 9.9 (2.4) 0.8 (−0.1 to 1.8) 0.080 0.35
Absolute jump imbalance (%)-between- 

limb
11.4 (8.8) 58/38 10.6 (8.9) 10.4 (7) −0.2 (−3.4 to 3.1) 0.941 0.02

Eccentric knee Flexor Force (N) 261 (64) 60/42 262 (62) 269 (71) 7 (−20 to 34) 0.624 0.11
Eccentric knee flexor-absolute nordic 

imbalance (%)
10.6 (8.3) 60/42 9.5 (8.3) 10.6 (7.7) 1.1 (−2 to 4) 0.487 0.14

Isometric hip abductor force-pull 60° (N) 243 (53) 63/40 247 (56) 240 (49) −7 (−28 to 14) 0.511 0.13
Isometric hip abductor-absolute 

imbalance (%) pull 60°
6.5 (4.5) 63/40 5.9 (4) 8.5 (5.2) 2.6 (0.6 to 4.5) 0.011* 0.56

Isometric hip adductor force-squeeze 
60° (N)

293 (53) 63/40 296 (53) 283 (50) −13 (−34 to 8) 0.224 0.25

Isometric hip adductor-Absolute 
imbalance squeeze 60° (%)

4.5 (3.6) 63/40 4.3 (3.6) 4.9 (3.2) −11 (−37 to 14) 0.373 0.18

Isometric abductor force-pull 90° (N) 217 (59) 62/38 224 (61) 213 (64) −11 (−37 to 14) 0.367 0.19
Absolute imbalance % pull 90°-between- 

limb
8.8 (7.4) 62/38 7.7 (6.9) 9.8 (8.3) 2.1 (−1.1 to 5.3) 0.190 0.28

Isometric adductor force-mean squeeze 
90° (N)

292 (49) 63/38 292 (49) 289 (48) −3 (−23 to 17) 0.762 0.06

Isometric Absolute imbalance % squeeze 
90°-between-limb

4.8 (4) 63/38 4.3 (3.5) 6.1 (4.8) 1.8 (0.03 to 3.6) 0.046* 0.43
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Three groups were identified using cluster analysis of the 
LESCA data (Figure 2). Cluster 1 (n = 8), was characterised by 
high negative (x = 82, IQR = 51) and low positive scores (x = 20; 
IQR = 23); cluster 2 (n = 14) was characterised by low negative 
scores (x = 17; IQR = 13) and moderate positive scores (x = 24; 
IQR = 16), while cluster 3 (n = 31) was characterised by low 
negative (x = 10; IQR = 9) and very low positive scores (x = 7; 
IQR = 7). The age of first menstrual cycle was significantly dif
ferent between clusters (p = 0.005). Cluster 1 had their first 
menstrual period at the youngest age, followed by cluster 2 
and then cluster 3. No other variables were significantly differ
ent between clusters (Table 3).

Pairwise post hoc tests confirmed that the positive life event 
scores were different between all clusters (p ranged between 
0.022 and <0.0001). For negative life events, cluster 1 was 
different from cluster 2 and cluster 3 (p < 0.0001), but when 
cluster 2 was compared to cluster 3, it was not significantly 
different (p = 0.464).

Cluster membership was associated with all lower limb injuries 
in the subsequent 12 months (p = 0.027). Most notably, all athletes 
in Cluster 1 sustained an injury (Table 3). Cluster 3 had the highest 

proportion of uninjured athletes compared to the other clusters. 
An unclear association was found between life event stress and 
menstrual cycle regularity; athletes in the low negative and very 
low positive life events cluster (Cluster 3) had mainly regular 
menstrual cycle compared to the other two groups (Cluster 1 
and 2) and irregular menstrual cycle was most common in the 
high negative and low positive life events cluster (Cluster 1). 
Athletes in cluster 3 were found to have 6.7 times higher likelihood 
of having a regular menstrual cycle when compared to the ath
letes in cluster 1 (OR = 6.7; 95%CI = 1.23–36.1).

For the hip strength measures, three principal components 
were identified with eigenvalues >1 (Appendix 2, Table A3). 
Principal component 1 (PC1) captured the mean adduction and 
abduction strength at both 60° and 90°; Principal component 2 
(PC2) captured the adductor 90° between-limb asymmetry (%) 
and abductor 60° (%) between-limb asymmetry; Principal com
ponent 3 (PC3) captured the abductor 90° (%) between-limb 
asymmetry and adductor 60° (%) between-limb asymmetry. In 
total, the 65.48% of the variance was explained by PC1, PC2 and 
PC3. The Kaiser–Meyer–Olkin value found was 0.64, and Bartlett’s 
test of sphericity attained statistical significance (p = 0.0001).

Table 2. Univariate logistic regression analysis for the relationship between muscle strength and between limb imbalance and lower limb injuries at 1-year follow-up. 
NC: noncontact; relationship is significant at the p < 0.05 level. *p < 0.05; N = Newtons, cm = centimetres, or = odds ratio.

Muscle strength risk factors

All Lower limb injuries (one-year follow-up) NC lower limb injuries (one-year follow-up)

N OR 95%CI P N OR 95%CI p

Mean isometric hip abductor strength at 60° (pull) 
[by 10 N increment]

103 0.98 0.9 to 1.05 0.52 84 0.95 0.86 to 1.04 0.29

Isometric hip abductor at 60° imbalance (%) 
[by 10% increment]

103 3.46 1.34 to 8.88 0.010* 84 2.81 0.89 to 8.88 0.079

Mean isometric hip adductor 
strength at 60° (squeeze) 
[by 10 N increment]

103 0.95 0.88 to 1.03 0.228 84 0.88 0.78 to 0.98 0.017*

Isometric hip adductor at 60° imbalance (%) 
[by 10% increment]

103 1.67 0.53 to 5.28 0.383 84 1.52 0.4 to 5.79 0.53

Mean isometric hip abductor strength at 90° (pull) 
[by 10 N increment]

100 0.97 0.9 to 1.04 0.364 82 0.94 0.87 to 1.03 0.169

Isometric hip abductor at 90° imbalance (%) 
[by 10% increment]

100 1.466 0.85 to 2.52 0.172 82 1.95 1.03 to 3.71 0.039*

Mean hip adductor at 90° (squeeze) 
[by 10 N increment]

102 0.99 0.9 to 1.07 0.76 83 0.90 0.8 to 1.01 0.078

Isometric hip adductor at 90° imbalance (%) 
[by 10% increment]

102 2.94 1.06 to 8.12 0.038* 83 5.65 1.61 to 19.7 0.007*

Mean Nordforce 
[by 10 N increment]

102 1.02 0.96 to 1.08 0.612 83 0.95 0.88 to 1.03 0.184

Nordforce imbalance (%) 
[by 10% increment]

102 1.18 0.73 to 1.93 0.49 83 1.45 0.84 to 2.52 0.178

Mean single leg jump 
[by 1 cm increment]

96 1.19 0.98 to 1.44 0.074 80 1.10 0.87 to 1.39 0.43

Single leg jump imbalance (%) 
[by 10% increment]

96 0.98 0.59 to 1.63 0.943 80 1.10 0.62 to 1.97 0.72

Table 3. Association between clusters and lower limb in 1-year follow-up injuries, oral contraception and menstrual cycle. *p < 0.05. *N = 12: lost to follow-up.

Groups

High negative 
Low Positive 

(Cluster 1)

Low negative Moderate positive 
(Cluster 2)

Low negative and very low positive 
(Cluster 3)

Total Fisher’s Exact test

Lower limb  
injury (one-year follow-up) 

N = 41*

Yes 6 6 7 19 0.027*
No 0 6 16 22

Oral contraception 
N = 52

Yes 1 3 13 17 0.190
No 7 11 17 35

Menstrual cycle 
N = 50

Regular 3 8 24 35 0.067
Irregular 5 4 6 15
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The logistic regression model was significant (p < 0.0001). 
The following odds ratios were found: PC1 = 0.71 (95%CI = 0.51 
to 1.00), p = 0.052; PC2 = 1.80 (95%CI = 1.04 to 3.13), p = 0.036; 
and PC3 = 0.578 (95%CI = 0.57 to 1.37), p = 0.578, suggesting 
that increased asymmetry (PC2) was positively associated with 
non-contact lower limb injury at one-year follow-up.

Discussion

Main findings

A high incidence of negative life event stress and the absence of 
oral contraception were characteristics of prospective lower limb 
injury in female athletes over 18 years of age. When non-contact 
injuries were considered, weak hip adductor strength and larger 
between-limb adductor and abductor strength asymmetries were 
positively associated with future injury. Collectively, these obser
vations may be used to broaden the scope of future studies in 
a search to establish causal effects. The scope of future studies 
could be achieved by determining the impact of specific interven
tions from the outset of pre-season and monitoring the progress 
of psychological status combined with muscle strength measures, 
training loads and performance. Such studies are warranted since 
the available evidence to inform practice is limited.

The association found between the history of negative life 
event stress and prospective injury is consistent with several 
studies involving male high-school football players 
(Coddington and Troxell 1980; Gunnoe et al. 2001), collegiate 
varsity football players (Passer and Seese 1983), and elite soccer 
players (Ivarsson and Johnson 2010) and the one study that 
involved female youth soccer players aged 14–16 years (Steffen 
et al. 2009). Our study found that all athletes who reported 
highly negative life events (i.e., >50) at pre-season sustained 
a non-contact lower limb injury during the in-season period. 
Future work is warranted to determine if the observed associa
tion between negative life events and non-contact injury is 
causal. If cause is demonstrated, the potential to reduce non- 
contact injury would be greatly improved compared to the 
current situation. It is known that stress caused by negative 
life events can accumulate over time and lead to chronic stress 
(Epel et al. 2018). Exposure to negative life events may demand 
adaptive or coping skills on the part of the athlete compared to 
positive life events (Johnson et al. 2005). If an athlete does not 
perceive adequate resources to meet the perceived situational 
demands, a stress response is triggered from an accumulation 
of life stress, which can result in maladaptive stress responses 
and this may predispose the athlete to injury (Andersen and 
Williams 1988; Williams and Andersen 1998). Williams and 
Andersen (1998) proposed coping strategies and social support 

Table 4. Comparison between uninjured and 1-year follow-up of non-contact lower limb injured athletes for anthropometric and muscle strength and imbalance 
variables; NC: non-contact. *p < 0.05; N = newtons, cm = centimetres, kg = kilograms of body mass.

N 
Uninjured/ 

Injured
Uninjured 
Mean (SD)

NC lower limb Injured (1-year follow-up) 
Mean (SD) Mean difference (95% CI) P Cohen’s d

Age (years) 65/23 19.1 (4.1) 18.5 (2.6) −0.6 (−2.1 to 0.8) 0.391 0.17
Stature (cm) 64/25 165.8 (6.4) 164.2 (4.5) −1.6 (−4 to 0.8) 0.195 0.29
Body mass (kg) 65/25 68.8 (11.9) 67.2 (14.4) −1.6 (−8.1 to 5) 0.631 0.12
Age of first menstrual period (years) 60/24 13.1 (1.4) 12.9 (1.2) −0.2 (−0.8 to 0.5) 0.590 0.13
Years of playing experience 64/25 9 (4.7) 9.1 (4.3) 0.1 (−2 to 2.2) 0.901 0.02
Eccentric knee flexor Force (N) 60/23 262 (62) 242 (64) −20 (−52 to 11) 0.195 0.32
Eccentric knee flexor absolute imbalance (%) 

between-limb
60/23 9.5 (8.3) 12.3 (8.6) 2.8 (−1.4 to 7.1) 0.181 0.33

Isometric hip abductor Force 
pull 60° (N)

63/21 247 (56) 233 (45) −14 (−39 to 10) 0.245 0.28

Isometric hip abductor 
absolute imbalance (%) 
pull 60° 
between-limb

63/21 5.9 (4) 7.9 (4.8) 2 (−0.4 to 4.4) 0.102 0.45

Isometric hip adductor force 
squeeze 60° (N)

63/21 296 (53) 263 (42) −33 (−56 to −10) 0.007* 0.69

Isometric hip adductor 
absolute imbalance (%) 
squeeze 60° 
between-limb

63/21 4.3 (3.6) 4.8 (3.6) 0.5 (−1.3 to 2.4) 0.541 0.14

Isometric hip abductor force 
pull 90° (N)

62/20 224 (61) 202 (65) −22 (−56 to 11) 0.187 0.35

Isometric hip abductor absolute imbalance (%) 
pull 90° 
between-limb

62/20 7.7 (6.9) 11.9 (9.2) 4.2 (−0.4 to 8.8) 0.070 0.52

Isometric hip adductor force 
squeeze 90° (N)

63/20 292 (49) 270 (40) −22 (−44 to 0.2) 0.052 0.49

Isometric hip adductor force 
absolute imbalance (%) squeeze 90° 
between-limb

63/20 4.3 (3.5) 7.6 (5.5) 3.3 (0.6 to 6) 0.018* 0.72

Jump height (cm) 
two limb average

58/22 9.1 (2.1) 9.5 (2.2) 0.4 (−0.7 to 1.5) 0.450 0.19

Absolute jump imbalance (%) 
between-limb

58/22 10.6 (8.9) 11.3 (7.4) 0.7 (−3.2 to 4.7) 0.705 0.09
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as methods that may help athletes to deal with negative life 
event stress, reducing the potential for injuries. Stress manage
ment programmes (such as cognitive restructuring, thought 
control, imagery, and simulations) may help reduce the life 
stress and as a consequence, injuries (Kerr and Goss 1996). 
However, the current study measured only life event stress 
and did not explore the effects of coping resources on severity 
and frequency of injuries. Future studies should consider 
a more comprehensive treatment of Andersen and Williams’s 
model, including personality variables and coping resources.

From the results obtained in the current study, the odds 
of sustaining a future lower limb injury might be associated 
with muscle strength characteristics (i.e., hip adductor weak
ness and greater between-limb asymmetry). Previous stu
dies on male athletes have identified associations between 
weak hip adductor strength and adductor muscle strain 
injury, and randomised controlled trials have demonstrated 
that adductor strengthening interventions (e.g., 
Copenhagen adductor exercise) have been linked with 
lower groin injury rates (Hölmich et al. 1999; Tyler et al.  
2001; Engebretsen et al. 2010; Harøy et al. 2019). The hip 
adductors play an important role in stabilizing the thigh 
and pelvis at the hip joint during sports activities, and 
impairment of the stabilizing forces of muscle contraction 
can lead to alterations in the kinematics associated with 
lower limb injury (Neptune et al. 1999; Read et al. 2018; 
Falch et al. 2020). Asymmetry may present in athletes for 
many reasons: repetitive asymmetrical sport-specific 
demands (Rahnama et al. 2005), previous injury (Schiltz 
et al. 2009; Bourne et al. 2019), pain and incomplete recov
ery (Fulton et al. 2014; Bourne et al. 2019).

The PCA revealed associations between hip and groin strength 
measures that may be of interest to clinicians when assessing 
athletes. The first principal component proposes a strong correla
tion with all adductor and abductor ‘strength’ variables at both 60° 
and 90°. This finding suggests that these four strength variables 
vary together, and an athlete who presents strong in one strength 
variable should be expected to be strong in the others. When this 
is not apparent, then follow-up may be required.

Furthermore, the second principal component suggests that 
when female athletes have a high imbalance in the adductors 
at 90°, they also tend to have an imbalance in the abductors at 
60° and this was found to be associated with lower limb injury. 
Hip adductor and abductor imbalance can cause lower extre
mity and pelvis instability during sporting activities as both 
muscle groups support the gait cycle. The hip adductor mus
cles are responsible for adducting the thigh but are also simul
taneously active in controlling both femoral-on-pelvic and 
pelvic-on-femoral hip movements (Neumann 2010). At 90° hip 
flexion, the adductors have an extensor moment arm and are 
capable of generating an extension torque (Neumann 2010), 
whereas at 60° hip flexion, gluteus Medius has the greatest 
activation (Willcox and Burden 2013).

Future work is needed to determine if interventions tar
geted at increasing hip adductor strength and reducing 
between-limb strength asymmetries can lead to a reduction 
in lower limb injury rates in female athletes. Our results should 
be interpreted with caution, as multiple comparisons were 
conducted between multiple strength tests and lower limb 

injuries, where the mean effect estimates and the wide range 
of confidence intervals may confirm the uncertainty of the 
sampling method.

Vertical jumping is widely used as a measurement of lower 
limb muscle dynamic function by coaches and health care 
professionals (Impellizzeri et al. 2007; MacElveen et al. 2010). 
Yet, no association between limb asymmetry derived from 
jump height and injury was found. It may be possible that 
between-limb asymmetry of up to 15% could be considered 
as normal physiological variability (Bourne et al. 2019). 
Moreover, while the outcome from jumping may be maximal, 
the expression of force of individual muscles may be sub- 
maximal due to biomechanical, coordination and time con
straints. Alternate variables beyond how high the body’s centre 
of mass is raised such as kinematics may be required to obtain 
useful information about injury.

Additional potential risk factors explored

In the current study, athletes who reported the use of oral contra
ception sustained fewer lower limb injuries than those who did 
not. It has been suggested that hormonal contraceptives might 
alter regular hormone level fluctuations, which may in turn affect 
musculoskeletal function (Chidi-Ogbolu and Baar 2019; Thompson 
et al. 2021). Receptors of estrogen and progesterone have been 
localized in ligament tissue proposing that hormones may influ
ence the mechanical ligament structure and physical properties 
(Liu et al. 1996; Sciore et al. 1998; Myer et al. 2014).

Our data are also in agreement with previous research 
where family history of ACL has been associated with ACL 
tears in athletes (Goshima et al. 2014; Hägglund and Waldén  
2016; Ivarsson et al. 2017). Studies have reported a genetic 
association demonstrating a relationship between several col
lagen gene variants and ACL injury (Posthumus et al. 2009,  
2010; John et al. 2016).

Limitations

Although there is some evidence supporting the LESCA as a valid 
measure of life event stress (Petrie 1992), in the current study, some 
of the athletes were less than 18 years old and could not complete 
the measure. Further studies are required to develop a validated 
life events questionnaire suitable for younger athletes. The use of 
life event scales in research studies has come under scrutiny 
because of their retrospective nature where participants are 
asked to report those life events that they have experienced during 
the previous year. However, problems of memory or biased recall 
may be obstacles with this format. It may be possible that athletes 
exaggerated their past events to justify subsequent injuries, report
ing more life events in an attempt to explain their difficulties 
(Rabkin and Struening 1976). Additionally, due to the small sample 
size of athletes over 18 in this study, the results should be con
sidered with caution.

The menstrual cycle questionnaire also relied on recall. Data 
related to the number of periods in the last 12 months; duration 
of OC use; irregularity and typical length of menstrual cycle 
were therefore subject to the associated limitations of recall 
bias (as mentioned above). However, athletes were using 
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mobile phone applications to track their menstrual data in real- 
time in an attempt to reduce recall bias.

Another potential limitation of the current study is that the 
sample consisted of 135 female athletes from more than one 
sport (88% from football codes, with the remaining from 
Netball); this impacts the applicability of results specific to 
a particular sport or context. Further, the lack of athlete expo
sure data and injury severity information did not allow the 
determination of injury incidence relative to their exposure to 
training and match play. Therefore, in our study, the variable of 
injury was treated as binary and differences in the psychologi
cal profile of a player who sustained a minor injury compared to 
another who sustained a more severe injury could not be 
evaluated.

For results of a research study to be robust and representa
tive of a population of interest, a sample size should be based 
on a power calculation (Abt et al. 2020). However, our limited 
sample size was due to 1) access, 2) support infrastructure 
afforded to female athletes and teams in Wales compared to 
their male counterparts and 3) lack of interest from the sports 
clubs to participate. This contributed to the small but hetero
genous sample. Another perceived limitation in this study was 
the choice of PCA, which is an unsupervised technique used to 
reduce the observed correlated predictors into a smaller set of 
dimensions independent of each other. As a consequence, PCA 
may affect the generalizability of the finding that strength and 
injury are associated. Factor analysis would be an alternate 
approach to examine latent factors that may be causing the 
variation in the data.

In our study, 61 different comparisons were conducted at 
the level of p < 0.05, where 10 of these comparisons were found 
to be significant in relation to muscle strength and lower limb 
injury. Therefore, it may be possible that some findings were 
identified by chance alone, and therefore, our results should be 
interpreted cautiously. Additionally, the mean effect estimates 
together with the wide range of confidence intervals may con
firm the uncertainty of the sampling method, leading to a high 
number of type 1 errors (that is, high number of false positives).

Conclusion

In conclusion, negative life events, the absence of oral contra
ception, weak hip adductor strength, and larger between-limb 
adductor and abductor strength asymmetries were all posi
tively associated with prospective injury. Collectively, these 
novel observations do not indicate cause, and should not be 
used to inform practice directly, but may be of interest to those 
researchers seeking to undertake future work in combating 
injuries that are highly prevalent in female athletic populations.
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Appendix

Appendix 1

Appendix 2

1) 60⁰ testing position; 2) 90⁰ testing position.

Table A1. Distribution of the N = 86 injuries by injury location and mechanism, during the past 12 months; NR: not reported.

Injury location

Total Contact Noncontact NR/None

N (%)
Total 
Ν (%)

Training 
N (%)

Competition 
Ν (%)

NR/None 
N (%)

Total 
N (%)

Training 
Ν (%)

Competition 
N (%)

Both 
N (%)

NR/None 
N (%) N (%)

Hip 6 (7) 1 (1.2) 0 1 (1.2) 0 3 (3.5) 0 0 1 (1.2) 2 (2.3) 2 (2.3)
Knee 26 (30.2) 12 (14.0) 0 12 (14.0) 0 14 (16.3) 8 (9.3) 3 (3.5) 0 3 (3.5) 0
Ankle 22 (25.6) 8 (9.3) 1 (1.2) 6 (7) 1 (1.2) 13 (15.1) 8 (9.3) 4 (4.7) 0 1 (1.2) 1 (1.2)
Foot 5 (5.8) 2 (2.3) 0 2 (2.3) 0 1 (1.2) 0 1 (1.2) 0 0 2 (2.3)
Groin 6 (7) 1 (1.2) 1 (1.2) 0 0 5 (5.8) 4 (4.7) 1 (1.2) 0 0 0
Quadriceps 3 (3.5) 0 0 0 0 3 (3.5) 1 (1.2) 1.16 1 (1.2) 0 0
Hamstring 3 (3.5) 0 0 0 0 3 (3.5) 2 (2.3) 0 0 1 (1.2) 0
Calf 7 (8.1) 2 (2.3) 1 (1.2) 1 (1.2) 0 5 (5.8) 0 1 (3.5) 0 2 (2.3) 0
Shinbone 2 (2.3) 1 (1.2) 0 1 (1.2) 0 1 (1.2) 1 (1.2) 0 0 0 0
Peroneal 1 (1.2) 0 0 0 0 1 (1.2) 1 (1.2) 0 0 0 0
ACL 5 (5.8) 2 (2.3) 0 2 (2.3) 0 3 (3.5) 0 3 (3.5) 0 0 0
Overall 86 29 3 25 1 52 25 16 2 9 5

Table A2. Frequency of Ν = 81 injuries by injury mechanism, by sport and by nature for the past 12 months. NR: not reported.

Sport Total (%) Contact (%) Noncontact (%) NR/None (%) Training (%) Competition (%) NR/None (%) Both (%)

Football 55.6 9.9 40.7 4.9 19.8 19.8 13.6 2.5
Netball 9.9 3.7 6.2 0 6.2 3.7 0 0
Rugby 34.6 19.8 13.6 1.2 7.4 22.2 4.9 0

Table A3. Eigenvalues for hip adductor and abductor strength and asymmetry. Principal component 1: 
captured the mean adduction and abduction strength; principal component 2: captured the adductor 90° 
between-limb asymmetry (%) and abductor 60° (%) between-limb asymmetry; principal component 3: 
captured the abductor 90° (%) between-limb asymmetry and adductor 60° (%) between-limb adduction 
asymmetry.

Principal Component Eigenvalue Percent Cum Percent

1 2.7646 34.558 34.558
2 1.3515 16.893 51.451
3 1.1227 14.033 65.484
4 0.9266 11.583 77.067
5 0.7532 9.414 86.482
6 0.6036 7.545 94.027
7 0.2805 3.507 97.533
8 0.1973 2.467 100.000
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